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EDirect

• access NCBI databases from the UNIX terminal

• build multi-step pipelines 

• compatible with other UNIX utilities

• extract specific data in tabular format

 bit.ly/entrez-direct bit.ly/entrez-direct



Installation
 bit.ly/install-edirect-windows
 bit.ly/install-edirect-mac_linux

 bit.ly/install-edirect-windows
 bit.ly/install-edirect-mac_linux

Handout
available



EDirect commands

Tool Description

esearch Entrez searches

efilter Filter results

elink Related data within the same or another database

esummary Document summary downloads

efetch Data record downloads

einfo Information about databases and indexed fields

epost Upload UIDs or Accessions

nquire Send a URL request to a web page or CGI service

xtract Extract data from XML into a table
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esearch 

• Performs a text search and returns a list of UIDs

• Search for genes with a symbol beginning with QSOX in cow



esearch 

• Performs a text search and returns a list of UIDs

• Search for genes with a symbol beginning with QSOX in cow

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]"

<ENTREZ_DIRECT>
  <Db>gene</Db>  
  <WebEnv>NCID_1_22473879_130.14.18.34_..._0MetA0_S_MegaStore</WebEnv>
  <QueryKey>1</QueryKey>
  <Count>2</Count>
  <Step>1</Step>
</ENTREZ_DIRECT>

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]"

<ENTREZ_DIRECT>
  <Db>gene</Db>  
  <WebEnv>NCID_1_22473879_130.14.18.34_..._0MetA0_S_MegaStore</WebEnv>
  <QueryKey>1</QueryKey>
  <Count>2</Count>
  <Step>1</Step>
</ENTREZ_DIRECT>



esearch 

• Performs a text search and returns a list of UIDs

• Search for genes with a symbol beginning with QSOX in cow

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]"

<ENTREZ_DIRECT>
  <Db>gene</Db>  
  <WebEnv>NCID_1_22473879_130.14.18.34_..._0MetA0_S_MegaStore</WebEnv>
  <QueryKey>1</QueryKey>
  <Count>2</Count>
  <Step>1</Step>
</ENTREZ_DIRECT>

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]"

<ENTREZ_DIRECT>
  <Db>gene</Db>  
  <WebEnv>NCID_1_22473879_130.14.18.34_..._0MetA0_S_MegaStore</WebEnv>
  <QueryKey>1</QueryKey>
  <Count>2</Count>
  <Step>1</Step>
</ENTREZ_DIRECT>



esummary

$ esearch -db gene -q "QSOX*[Gene Symbol]
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary

$ esearch -db gene -q "QSOX*[Gene Symbol]
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary

• retrieves a brief summary called ‘Document Summary’ for a 

list of UIDs



esummary

$ esearch -db gene -q "QSOX*[Gene Symbol] 
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary

$ esearch -db gene -q "QSOX*[Gene Symbol] 
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary

• For a given list of UIDs, retrieves a 

brief summary called ‘Document 

Summary’ 



esummary
$ esearch -db gene -q "QSOX*[Gene Symbol]
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary

$ esearch -db gene -q "QSOX*[Gene Symbol]
      AND bos taurus[Organism]
      AND alive[Properties]" \
  | esummary



xtract

• parses XML and extracts specified elements into a table

$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism] 
    AND alive[Properties]" \
  | esummary \
  | xtract -pattern DocumentSummary \
     -element Name,Description,Chromosome

QSOX1  quiescin sulfhydryl oxidase 1  16
QSOX2  quiescin sulfhydryl oxidase 2  11

$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism] 
    AND alive[Properties]" \
  | esummary \
  | xtract -pattern DocumentSummary \
     -element Name,Description,Chromosome

QSOX1  quiescin sulfhydryl oxidase 1  16
QSOX2  quiescin sulfhydryl oxidase 2  11



xtract

• structured data extraction

• nested exploration

• conditionals

• INSDC feature extraction 

• compatible with other UNIX 

utilities

 bit.ly/entrez-direct bit.ly/entrez-direct

$ xtract -help$ xtract -help

Handout
available



efetch

• retrieves data records for a given list of UIDs

• pipe output of esearch to efetch to get information about the two QSOX 

genes

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]" | efetch

1. QSOX1
Official Symbol: QSOX1 and Name: quiescin sulfhydryl oxidase 1 [Bos taurus (cattle)]
Other Designations: sulfhydryl oxidase 1; quiescin Q6 sulfhydryl oxidase 1
Chromosome: 16
Annotation: Chromosome 16 NC_037343.1 (61363055..61404622)
ID: 522986

…

$ esearch -db gene -q "QSOX*[Gene Symbol] AND bos taurus[Organism] AND 
alive[Properties]" | efetch

1. QSOX1
Official Symbol: QSOX1 and Name: quiescin sulfhydryl oxidase 1 [Bos taurus (cattle)]
Other Designations: sulfhydryl oxidase 1; quiescin Q6 sulfhydryl oxidase 1
Chromosome: 16
Annotation: Chromosome 16 NC_037343.1 (61363055..61404622)
ID: 522986

…



efetch

$ efetch -help$ efetch -help



elink

• explore links between UIDs

• can be within the same or another database

• Example:

• find all RefSeq RNAs annotated on cow QSOX genes



elink



elink

 bit.ly/elink-descriptions bit.ly/elink-descriptions

$ esearch -db gene -q "QSOX*[Gene Symbol] 
    AND bos taurus[Organism] AND alive[Properties]" \
  | elink -db gene -target nuccore -name gene_nuccore_refseqrna \
  | efetch -db nuccore -format acc

NM_001102074.2
XM_024976246.1
XM_002691616.4

$ esearch -db gene -q "QSOX*[Gene Symbol] 
    AND bos taurus[Organism] AND alive[Properties]" \
  | elink -db gene -target nuccore -name gene_nuccore_refseqrna \
  | efetch -db nuccore -format acc

NM_001102074.2
XM_024976246.1
XM_002691616.4



elink

$ esearch -db gene -q "QSOX*[Gene Symbol] 
    AND bos taurus[Organism] AND alive[Properties]" \
  | elink -db gene -target nuccore -name gene_nuccore_refseqrna \
  | efetch -db nuccore -format fasta

>NM_001102074.2 Bos taurus quiescin sulfhydryl oxidase 1 (QSOX1), mRNA
AAGTCTTCCGAAAACTTGTGCGCAGCGGTGGCCTCGGCGCGGCGGCCGAGGATGGGGTGGTGC...

>XM_024976246.1 PREDICTED: Bos taurus quiescin sulfhydryl oxidase 1 
(QSOX1), transcript variant X1, mRNA
GGGCGGGGCCGGACCATGGCGGGCGGGGTCTGCGGGCTCCACCTCCCGACGGAGGCAGGAGGT... 

>XM_002691616.4 PREDICTED: Bos taurus quiescin sulfhydryl oxidase 2 
(QSOX2), mRNA
CGCGGCACTCCCAACATGGCGGCGGCCAGGACGGCGGCGTCGGCAGCGCGCAGCCCGGGAGCT...

$ esearch -db gene -q "QSOX*[Gene Symbol] 
    AND bos taurus[Organism] AND alive[Properties]" \
  | elink -db gene -target nuccore -name gene_nuccore_refseqrna \
  | efetch -db nuccore -format fasta

>NM_001102074.2 Bos taurus quiescin sulfhydryl oxidase 1 (QSOX1), mRNA
AAGTCTTCCGAAAACTTGTGCGCAGCGGTGGCCTCGGCGCGGCGGCCGAGGATGGGGTGGTGC...

>XM_024976246.1 PREDICTED: Bos taurus quiescin sulfhydryl oxidase 1 
(QSOX1), transcript variant X1, mRNA
GGGCGGGGCCGGACCATGGCGGGCGGGGTCTGCGGGCTCCACCTCCCGACGGAGGCAGGAGGT... 

>XM_002691616.4 PREDICTED: Bos taurus quiescin sulfhydryl oxidase 2 
(QSOX2), mRNA
CGCGGCACTCCCAACATGGCGGCGGCCAGGACGGCGGCGTCGGCAGCGCGCAGCCCGGGAGCT...



Example: Gene ranges – task description

• Get gene range sequences in FASTA format for cow QSOX 

genes

• esearch – search for QSOX genes in cow

• esummary – to get the gene docsum 

• xtract – parse docsum XML to extract chr, start and stop 

• efetch – to fetch nucleotide sequences in FASTA format



Example: Gene ranges – command
$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism]
    AND alive[Properties]" \
  | esummary \
  | xtract -pattern DocumentSummary \
    -if GenomicInfoType -element Id \
    -block GenomicInfoType \
    -element ChrAccVer ChrStart ChrStop \
  | while read -r gene_id chr_acc chr_start chr_stop ; 
    do 
      efetch -db nuccore \
             -id $chr_acc \
             -chr_start $chr_start \
             -chr_stop $chr_stop \
             -format fasta ; 
    done

$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism]
    AND alive[Properties]" \
  | esummary \
  | xtract -pattern DocumentSummary \
    -if GenomicInfoType -element Id \
    -block GenomicInfoType \
    -element ChrAccVer ChrStart ChrStop \
  | while read -r gene_id chr_acc chr_start chr_stop ; 
    do 
      efetch -db nuccore \
             -id $chr_acc \
             -chr_start $chr_start \
             -chr_stop $chr_stop \
             -format fasta ; 
    done



Example: Gene ranges – output 
>NC_037343.1:61363055-61404622 Bos taurus isolate L1 Dominette 01449 registration 
number 42190680 breed Hereford chromosome 16, ARS-UCD1.2, whole genome shotgun 
sequence
GGGCGGGGCCGGACCATGGCGGGCGGGGTCTGCGGGCTCCACCTCCCGACGGAGGCAGGAGGTGCCGCGG...

>NC_037338.1:c103716243-103691351 Bos taurus isolate L1 Dominette 01449 
registration number 42190680 breed Hereford chromosome 11, ARS-UCD1.2, whole 
genome shotgun sequence
CGCGGCACTCCCAACATGGCGGCGGCCAGGACGGCGGCGTCGGCAGCGCGCAGCCCGGGAGCTCCGGCGG...

>NC_037343.1:61363055-61404622 Bos taurus isolate L1 Dominette 01449 registration 
number 42190680 breed Hereford chromosome 16, ARS-UCD1.2, whole genome shotgun 
sequence
GGGCGGGGCCGGACCATGGCGGGCGGGGTCTGCGGGCTCCACCTCCCGACGGAGGCAGGAGGTGCCGCGG...

>NC_037338.1:c103716243-103691351 Bos taurus isolate L1 Dominette 01449 
registration number 42190680 breed Hereford chromosome 11, ARS-UCD1.2, whole 
genome shotgun sequence
CGCGGCACTCCCAACATGGCGGCGGCCAGGACGGCGGCGTCGGCAGCGCGCAGCCCGGGAGCTCCGGCGG...



Example: CDD domains
$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism]
    AND alive[Properties]" \
  | elink -db gene \
      -target protein \
      -name gene_protein_refseq \
  | efetch -db protein \
      -format gpc \
  | xtract -insd Region \
      INSDInterval_from \
      INSDInterval_to \
      region_name \
      db_xref \
  | grep 'CDD:' 

$ esearch -db gene -q "QSOX*[Gene Symbol]
    AND bos taurus[Organism]
    AND alive[Properties]" \
  | elink -db gene \
      -target protein \
      -name gene_protein_refseq \
  | efetch -db protein \
      -format gpc \
  | xtract -insd Region \
      INSDInterval_from \
      INSDInterval_to \
      region_name \
      db_xref \
  | grep 'CDD:' 

NP_001095544.1  41      153     PDI_a_QSOX      CDD:239290
NP_001095544.1  407     502     Evr1_Alr        CDD:282612
XP_024832014.1  82      194     PDI_a_QSOX      CDD:239290
XP_024832014.1  448     540     Evr1_Alr        CDD:309769
XP_002691662.2  63      175     PDI_a_QSOX      CDD:239290
XP_002691662.2  433     530     Evr1_Alr        CDD:309769

NP_001095544.1  41      153     PDI_a_QSOX      CDD:239290
NP_001095544.1  407     502     Evr1_Alr        CDD:282612
XP_024832014.1  82      194     PDI_a_QSOX      CDD:239290
XP_024832014.1  448     540     Evr1_Alr        CDD:309769
XP_002691662.2  63      175     PDI_a_QSOX      CDD:239290
XP_002691662.2  433     530     Evr1_Alr        CDD:309769



Downloading genomic data

• For whole genomes, FTP is the best source

• NCBI Assembly provides stable, accessioned data

 GCA for GenBank, GCF for RefSeq

• RefSeq Assemblies have annotation

• Need to know the FTP path

 EDirect, NCBI Assembly Portal, Assembly Summary Files

Handout
available



1. EDirect for Assembly FTP paths

$ esearch -db assembly -q 'bos taurus[Organism] AND latest[Filter]’ \
  | esummary \
  | xtract -pattern DocumentSummary 
     -element AssemblyAccession,FtpPath_RefSeq

GCF_002263795.1 …/genomes/all/GCF/002/263/795/GCF_002263795.1_ARS-UCD1.2
GCF_000003205.7 …/genomes/all/GCF/000/003/205/GCF_000003205.7_Btau_5.0.1
GCF_000003055.6 …/genomes/all/GCF/000/003/055/GCF_000003055.6_Bos_taurus_UMD_3.1.1

$ esearch -db assembly -q 'bos taurus[Organism] AND latest[Filter]’ \
  | esummary \
  | xtract -pattern DocumentSummary 
     -element AssemblyAccession,FtpPath_RefSeq

GCF_002263795.1 …/genomes/all/GCF/002/263/795/GCF_002263795.1_ARS-UCD1.2
GCF_000003205.7 …/genomes/all/GCF/000/003/205/GCF_000003205.7_Btau_5.0.1
GCF_000003055.6 …/genomes/all/GCF/000/003/055/GCF_000003055.6_Bos_taurus_UMD_3.1.1



2. NCBI Assembly



2. NCBI Assembly 



2. NCBI Assembly 



Feature Counts 



Feature Table



3. FTP – Assembly Summary Files

 ftp.ncbi.nlm.nih.gov/genomes/ASSEMBLY_REPORTS ftp.ncbi.nlm.nih.gov/genomes/ASSEMBLY_REPORTS

     # assembly_accession [  1]: GCF_000004155.1
               bioproject [  2]: PRJNA264109
                biosample [  3]: SAMN02953762
               wgs_master [  4]: ACQJ00000000.2
          refseq_category [  5]: representative genome
                    taxid [  6]: 653667
            species_taxid [  7]: 866546
            organism_name [  8]: Schizosaccharomyces cryophilus OY26
       infraspecific_name [  9]: strain=OY26
                  isolate [ 10]: 
           version_status [ 11]: latest
           assembly_level [ 12]: Scaffold
             release_type [ 13]: Major
               genome_rep [ 14]: Full
             seq_rel_date [ 15]: 2013/07/31
                 asm_name [ 16]: SCY4
                submitter [ 17]: Broad Institute
          gbrs_paired_asm [ 18]: GCA_000004155.2
          paired_asm_comp [ 19]: identical
                 ftp_path [ 20]: ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/000/004/155/GCF_000004155.1_SCY4
     excluded_from_refseq [ 21]: 
relation_to_type_material [ 22]: assembly from type material



3. FTP – Assembly Summary Files

 ftp.ncbi.nlm.nih.gov/genomes/ASSEMBLY_REPORTS ftp.ncbi.nlm.nih.gov/genomes/ASSEMBLY_REPORTS

     # assembly_accession [  1]: GCF_000001215.4
               bioproject [  2]: PRJNA164
                biosample [  3]: SAMN02803731
               wgs_master [  4]: 
          refseq_category [  5]: reference genome
                    taxid [  6]: 7227
            species_taxid [  7]: 7227
            organism_name [  8]: Drosophila melanogaster
       infraspecific_name [  9]: 
                  isolate [ 10]: 
           version_status [ 11]: latest
           assembly_level [ 12]: Chromosome
             release_type [ 13]: Major
               genome_rep [ 14]: Full
             seq_rel_date [ 15]: 2014/08/01
                 asm_name [ 16]: Release 6 plus ISO1 MT
                submitter [ 17]: The FlyBase Consortium/Berkeley Drosophila Genome Project/Celera Genomics
          gbrs_paired_asm [ 18]: GCA_000001215.4
          paired_asm_comp [ 19]: identical
                 ftp_path [ 20]: ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/000/001/215/GCF_000001215.4_Release_6_plus_ISO1_MT
     excluded_from_refseq [ 21]: 
relation_to_type_material [ 22]: 

# assembly_accession [  1]: GCF_000001215.4
     refseq_category [  5]: reference genome
       species_taxid [  7]: 7227
       organism_name [  8]: Drosophila melanogaster
      version_status [ 11]: latest
          genome_rep [ 14]: Full
        seq_rel_date [ 15]: 2014/08/01
            asm_name [ 16]: Release 6 plus ISO1 MT      
     gbrs_paired_asm [ 18]: GCA_000001215.4
     paired_asm_comp [ 19]: identical
            ftp_path [ 20]: ftp://ftp.ncbi.nlm.nih.gov…

# assembly_accession [  1]: GCF_000001215.4
     refseq_category [  5]: reference genome
       species_taxid [  7]: 7227
       organism_name [  8]: Drosophila melanogaster
      version_status [ 11]: latest
          genome_rep [ 14]: Full
        seq_rel_date [ 15]: 2014/08/01
            asm_name [ 16]: Release 6 plus ISO1 MT      
     gbrs_paired_asm [ 18]: GCA_000001215.4
     paired_asm_comp [ 19]: identical
            ftp_path [ 20]: ftp://ftp.ncbi.nlm.nih.gov…



3. FTP – Assembly Summary Files

├── archaea
├── bacteria
├── fungi
├── invertebrate
├── plant
├── protozoa
├── vertebrate_mammalian
├── vertebrate_other
└── viral

 ftp.ncbi.nlm.nih.gov/genomes/refseq ftp.ncbi.nlm.nih.gov/genomes/refseq



Example: Download all E. coli genomes 

## download the assembly_summary.txt file
wget ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/bacteria/assembly_summary.txt

## parse assembly_summary.txt to create a url list
cat assembly_summary.txt \
  | awk 'BEGIN{FS="\t";OFS="\t"} \
    ($7 == "562" && $5 == "reference genome") \
    {print $20}' \
  | sed -r 's/(GC[AF]_[0-9.]*_.*$)/\1\/\1_genomic.fna.gz/g' \
  > url_list.txt

## download data
wget -i url_list.txt 

## download the assembly_summary.txt file
wget ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/bacteria/assembly_summary.txt

## parse assembly_summary.txt to create a url list
cat assembly_summary.txt \
  | awk 'BEGIN{FS="\t";OFS="\t"} \
    ($7 == "562" && $5 == "reference genome") \
    {print $20}' \
  | sed -r 's/(GC[AF]_[0-9.]*_.*$)/\1\/\1_genomic.fna.gz/g' \
  > url_list.txt

## download data
wget -i url_list.txt 



Summary

• EDirect 

 Access NCBI databases from UNIX command line

 Extract data in tabular format

• Use FTP for whole genome data

 Multiple formats

 Batch downloads
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